*Dear Editor*,

Corona Virus Disease 2019 (COVID-19) has caused a global pandemic in over 100 countries. Severe Acute Respiratory Syndrome Corona Virus 2 (SARS-CoV-2) was identified as the pathogen of COVID-19. Both SARS-CoV-2 and SARS-CoV belong to the subgenus sarbecvirus of *Coronaviridae*. One major structural protein Spike (S) has attracted great attention because of its function in recognizing receptor, angiotensin-converting enzyme 2 (ACE2). ACE2 binds to the receptor-binding motif (RBM) in the receptor-binding domain (RBD) of SARS-CoV-2 and SARS-CoV. Although ACE2 is distributed in many organs, lung is the major target of both SARS-CoV-2 and SARS-CoV. SARS-CoV-2 tends to infect fewer organs than SARS-CoV. For instance, COVID-19 patients showed less diarrhea than SARS patients.[@bib0001] The underlying mechanism remains inconclusive.

Integrins are heterodimeric proteins comprising α and β subunits in cell surface. Many integrins recognize Arg-Gly-Asp (RGD) and Lys-Gly-Asp (KGD) motifs which are displayed on the exposed loops of proteins. RGD could associate broader types of integrins such as αVβ1, αVβ3, αVβ5, αVβ6, αVβ8, αⅡbβ3, αMβ2, αLβ2 and α3β1, while KGD-recognizing integrins are restricted to αⅡbβ3, αVβ5, αVβ6 and αVβ8.[@bib0002] A recent study proposed a proviral role for integrins in SARS-CoV-2 entry.[@bib0003] In current study, we found RGD/KGD motif presents not only in S protein but also in its receptor ACE2. We suggested inhibitory roles for integrins in the entry of both SARS-CoV-2 and SARS-CoV.

RGD and KGD are two classical integrin-binding motifs. First, we performed sequence analysis of S proteins from SARS-CoV-2 (YP_009724390.1) and SARS-CoV (NP_828851.1). An RGD motif (403--405) was identified in SARS-CoV-2 S protein ([Fig. 1](#fig0001){ref-type="fig"} A). In SARS-CoV S protein, there is a KGD motif (390-392) ([Fig. 1](#fig0001){ref-type="fig"}A). By searching NCBI databases and literatures, we identified similar RGD/KGD motifs in several coronaviruses including Pangolin/MP789/2019,[@bib0004] Pangolin/GX/P5L/2017,[@bib0004] Bat_CoV_Rc-CoV-3 (BBJ35999.1), Bat_SARSr-CoV_WIV1 (AGZ48828.1), Bat_SARSr-CoV_WIV16 (ALK02457.1), Bat_SARSr-CoV_RsSHC014 (AGZ48806.1), Bat_SARSr-CoV_Rs3367 (AGZ48818.1). These results suggested that RGD/KGD integrin-binding motif is conserved in several coronaviruses including SARS-CoV-2 and SARS-CoV.Fig. 1*Identification of integrin-binding motifs in S proteins from SARS-CoV-2/ SARS-CoV and ACE2 protein***.** (A) RGD/KGD is present in S protein from SARS-CoV-2, SARS-CoV, pangolin coronaviruses, and some bat coronaviruses. RGD/KGD motif is in red box. (B) RGD is in an exposed loop of SARS-CoV-2 S protein. Left: trimer of SARS-CoV-2 S protein (PDB: [6VSB](pdb:6VSB){#interref0001}). Right: monomer of SARS-CoV-2 S protein. RGD motif is colored red. (C) KGD is in an exposed loop of SARS-CoV S protein. Left: trimer of SARS-CoV S protein (PDB: [5XLR](pdb:5XLR){#interref0002}). Right: monomer of SARS-CoV S protein. KGD motif is colored red. (D) RGD of SARS-CoV-2 S protein locates near the groove of the complex of ACE2 and SARS-CoV-2 RBD (PDB: [6LZG](pdb:6LZG){#interref0003}). Red: RGD motif. Grey: ACE2, Green: SARS-CoV-2 RBD. (E) KGD of SARS-CoV S protein locates near the groove of the complex of ACE2 and SARS-CoV RBD (PDB: [2AJF](pdb:2AJF){#interref0004}). Red: KGD motif. Grey: ACE2, Green: SARS-CoV RBD. (F) KGD presents in human ACE2. KGD motif is in red box. (G) KGD locates in an exposed loop of ACE2. Left: dimer of full-length human ACE2 in complex with B^0^AT1. Right: monomer of human ACE2. Upper: open conformation (PDB: [6M1D](pdb:6M1D){#interref0005}). Lower: closed conformation (PDB: [6M18](pdb:6M18){#interref0006}). KGD motif is colored red.Fig. 1

In order to associate with integrin, RGD/KGD motif should be exposed to the surface of the protein. To investigate whether RGD/KGD motif in S proteins from SARS-CoV-2 and SARS-CoV is on the surface, we analyzed the structures of SARS-CoV-2 S trimer (PDB: [6VSB](pdb:6VSB){#interref0007})[@bib0005] and SARS-CoV S trimer (PDB: [5XLR](pdb:5XLR){#interref0008})[@bib0006] by Chimera software Ver 1.14. RGD located at the top of protrusions in SARS-CoV-2 S, and KGD is displayed on exposed loop in SARS-CoV S ([Fig. 1](#fig0001){ref-type="fig"}B and [1](#fig0001){ref-type="fig"}C). These results suggested that S proteins are accessible to integrins.

RGD/KGD motif in S protein is close to RBM of S protein. Next, we checked the structure of ACE2 with SARS-CoV-2 S RBD (PDB: [6LZG](pdb:6LZG){#interref0009}) and ACE2 with SARS-CoV S RBD (PDB: [2AJF](pdb:2AJF){#interref0010})[@bib0007] by Chimera software Ver 1.14. RGD/KGD in S protein is near the groove of complex of RBD and ACE2 ([Fig. 1](#fig0001){ref-type="fig"}D and [1](#fig0001){ref-type="fig"}E). If S protein associates with integrin, there would be no space for ACE2 to contact with S.

ACE2 is known to associate with integrin. An RGD sequence (203--205) in ACE2 is partially buried inside the protein and thus not responsible for integrin association.[@bib0008] We identified a KGD motif in 353--355 of ACE2 (BAB40370.1), which is a key region for binding S protein ([Fig. 1](#fig0001){ref-type="fig"}F). This KGD motif is on the exposed small loop in the structure of open ACE2 dimer (PDB: [6M1D](pdb:6M1D){#interref0011}) and closed ACE2 dimer (PDB: [6M18](pdb:6M18){#interref0012}),[@bib0009] which indicated that integrin could interact with ACE2 through this motif ([Fig. 1](#fig0001){ref-type="fig"}G).

We proposed the following model for the role of integrin in receptor recognition of S protein ([Fig. 2](#fig0002){ref-type="fig"} ). Upon SARS-CoV-2 or SARS-CoV infection, integrin could interact with ACE2 and S protein individually. Integrin associates with ACE2 through its KGD motif including K353, which is one of key AAs for S protein recognition. Integrin associates with S protein by its RGD/KGD motif, which would shield the space of RBM for contacting with ACE2. In those scenarios, both ACE2 K353 (inside KGD) and S protein RBM (near RGD/KGD) are shielded by integrin. Thus, ACE2 could not recognize S protein, leading to a suppressed viral entry. In the condition of ACE2 targeting of S protein, integrin no longer blocks ACE2-S interaction, resulting in a robust virus entry.Fig. 2*Proposed model for the inhibitory role of integrin in SARS-CoV-2 and SARS-CoV*.In uninfected condition, integrin could associate with ACE2 through KGD motif. Upon SARS-CoV-2 or SARS-CoV infection, integrin could interact with ACE2 (through KGD) and S protein (through RGD/KGD) individually, which will mask the interface between S protein and ACE2. Thus, ACE2 could not recognize S protein, leading to a suppressed viral entry. When ACE2 associates with S protein, a robust virus entry will occur.Fig. 2

Several host proteins were predicted to associate with SARS-CoV-2 S protein.[@bib0003] ^,^ [@bib0010] Recently, people reported that the SARS-CoV-2 S protein acquired an RGD integrin-binding motif and claimed that this motif was absent from other coronaviruses.[@bib0003] They further speculated that RGD acquired by SARS-CoV-2 would promote virus entry by association of integrins, thus enhance the transmission ability. We disagree with that because both RGD and KGD could recognize integrins. The difference is that RGD recognizes more types of integrins than KGD. When integrins bind to S protein, the stereo-hindrance effect will prevent ACE2 targeting by S protein. Moreover, ACE2 contains a KGD integrin-binding motif inside the S-binding region. When integrins bind to S protein, ACE2 targeting by S protein will also be inhibited. Taken together, our model favors an inhibitory role for integrins in virus entry by associating with both S protein and ACE2.

Potential association of S protein and integrins provide mechanistic insights for the pathogenesis of SARS-CoV-2 and SARS-CoV. Because RGD recognized a broader spectrum of integrins than KGD, more integrins could block receptor binding of SARS-CoV-2 S than that of SARS-CoV S. Consequently, SARS-CoV-2 would infect fewer organs than SARS-CoV, which might partially explain why SARS-CoV-2 caused less mortality than SARS-CoV.

In conclusion, we identified an RGD/KGD integrin-binding motif in S proteins from SARS-CoV-2 and SARS-CoV. We also discovered a KGD integrin-binding motif in ACE2. Integrins were predicted to inhibit receptor targeting of S proteins from SARS-CoV-2 and SARS-CoV by shielding both S protein and ACE2. We proposed a previous unappreciated inhibitory role for integrin in virus entry, which will improve our understanding on the virus entry for both SARS-CoV-2 and SARS-CoV.
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